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Partial atrioventricular septal defects are electively repaired with good 
results. However, recent reports suggest hat such repair is potentially a
high-risk surgical procedure. Our aim was to determine the risk factors of 
adverse outcome arly after surgical treatment of atrioventricular septal 
defects in our hospital. A retrospective study was done in 100 consecutive 
patients from 2 months to 50.6 years old (median 3.6 years) who underwent 
surgical correction between January 1984 and December 1993. An inter- 
mediate form of the lesion was noted in 31% of cases. Congestive h art 
failure occurred in 50% of cases. Preoperative l ft atrioventricular valve 
incompetence (moderate to severe) was present in 63% of patients. Severe 
abnormalities of left subvalvular apparatus were noted in 28% of patients. 
The cleft of the left atrioventricular valve was closed in 76% of cases. The 
study was done to determine risk factors associated with hospital mortality 
(13%), postoperative residual left atrioventricular valve incompetence 
(23%), and early reoperation (14%) within the first 30 postoperative days. 
Univariate analysis showed that age at the date of operation and cleft 
closure were not related to an early adverse outcome. A stepwise logistic 
regression with variables elected by univariate analysis identified infec- 
tions and severe abnormalities of left subvalvular apparatus as predictive 
factors of early death (odds ratios, 28.07 and 6.18, respectively), preoper- 
ative left atrioventricular valve regurgitation as a predictive factor of 
residual postoperative left atrioventricular valve regurgitation (odds ratio, 
5.34), and severe abnormalities of left subvalvular apparatus as a predic- 
tive factor of early reoperation (odds ratio, 5.27). These results emphasize 
the importance of the severity of the morphologic features of the left 
subvalvular apparatus, the occurrence of early postoperative infections, 
and the presence of residual left atrioventricular valve regurgitation as risk 
factors in the early period after surgical correction of partial atrioventric- 
ular septal defects. (J Thorac Cardiovasc Surg 1996;112:14-20) 
A trioventricular septal defects (AVSDs), which consist of abnormalities of both the cardiac 
septum and the atrioventricular (AV) valves, have 
been surgically repaired for the past three decades. 
AVSDs can be classified into complete or partial 
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forms depending on the presence of one or two 
valve outlets. In addition, the presence of a cleft in 
the anterior leaflet of the left AV valve is common 
to both forms. Numerous tudies have demonstrated 
the importance of left AV valve regurgitation on 
clinical outcome. 14 However, despite different sur- 
gical approaches to repair of the left AV valve, these 
do not appear to decrease left AV valve regurgita- 
tion, because the pathophysiologic features of this 
disorder are still not totally understood.: Even for 
partial AVSD, the early outcome of surgical correc- 
tion for these defects has raised some concern. The 
aim of this study was therefore to determine the risk 
factors involved in adverse arly outcome for surgi- 
cal repair of partial AVSD. 
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Patients and methods 
Between January 1984 and December 1993, 100 con- 
secutive patients were operated on because of partial 
(69%) or intermediate (31%) AVSD at Laennec Hospital 
(Paris, France). Patients with the partial form of AVSD 
were those who had two valve orifices associated with a 
cleft of the left AV valve. Patients with intermediate forms 
of AVSD were those with a small ventricular septal defect 
associated with two valve orifices and with a cleft of the 
left AV valve leading to use of a surgical approach similar 
to that used for patients with partial forms. Patients with 
complete forms of AVSD (and thus a single valve outlet) 
were excluded from the study, as were those with an 
associated complex congenital lesion. The ages of patients 
ranged from 2 months to 50.6 years (median 3.6 years; 
25th and 75th percentiles, 1.06 and 1.08 years, respective- 
ly). Down syndrome was present in nine cases (5 interme- 
diate and 4 partial AVSD). At the time of operation, 50% 
of patients had already had one or several episodes of 
congestive heart failure (CHF). 
Catheterization data, echocardiograms, and operative 
and hospital records were reviewed for all patients. Data 
on the occurrence and severity of preoperative AV valve 
regurgitation were available in all patients for the left AV 
valve lesions and in 80% of patients for the right AV valve 
lesions. In accordance with previous reports in the litera- 
ture, assessment of left AV valve regurgitation was based 
on a subjective scale (grade 0 to 4). 2 The regurgitation was 
considered significant in cases assigned grades from 2 to 4 
(moderate to severe). Preoperative l ft AV valve regurgi- 
tation was noted in 63% of cases (25 grade 2, 16 grade 3, 
and 22 grade 4). Pulmonary artery hypertension (PAH), 
defined as a systolic pulmonary artery pressure greater 
than 30 mm Hg, was present in 48 (51.6%) of 93 patients 
and reached 50 mm Hg or more in 13 (14%) cases before 
the intervention. 
The morphology of the left subvalvular apparatus was 
classified with data obtained from operative records. 
Abnormal morphologic features of the subvalvular appa- 
ratus have been previously described in patients with 
partial AVSD, 6-s and thus only severe abnormalities were 
retained for study as follows. Rudimentary or absent 
chordal apparatuses were defined as malformed. Those 
directly inserted into the undersurface of the leaflet 
instead of the margin were considered as chordal malpo- 
sitions. Malformations and malpositions of the chordal 
apparatuses were grouped together. Malformations of 
papillary muscles included abnormally thick muscles and 
multiple thin muscles with abnormal insertions into the 
ventricular wall. Only extreme malpositions of the papil- 
lary muscles, such as extreme lateralization or single 
papillary muscle, were retained. Left AV valves with 
potentially parachute structure were also separately 
noted. These severe abnormalities of the left subvalvular 
apparatus are shown in Table ! and were present in 
several patients. The left AV valve morphologic features 
were also noted from operative records and were in 
agreement with the description of Becker and Anderson. s 
Basically, the "ostium primum" was associated with a cleft 
of the left AV valve, separated from the right AV valve by 
a connecting tongue of the bridging leaflets. Other abnor- 
Table I. Morphologic abnormalities associated with 
partial A VSD 
No. of 
Associated cardiac abnon'nalities cases 
Left subvalvular apparatus 28 
Malformations or malposition of chordae 20 
Malformations of papillary muscles 17 
Malpositions of papillary muscles or single 6 
papillary muscle 
Potentially parachute left AV valve 5 
Left AV valve 13 
Small inferior bridging leaflet 7 
Double orifice 5 
Accessory cleft of left AV valve 1 
Other 
Left superior vena cava 8 
Pulmonary valve stenosis 5 
Anomalous ystemic or pulmonary venous return 6 
Coarctation of the aorta 1 
Dilated cardiomyopathy 1 
Single atrium 3 
malities of the left AV valve or of the heart are also shown 
in Table I. 
Surgical repair was done with the aid of cardiopulmo- 
nary bypass with transatrial bicaval cannulation and mod- 
erate hypothermia. Until 1989, myocardial protection was 
achieved with the aid of multidose cold crystalloid car- 
dioplegic solution (4 ° C) administered in the anterograde 
manner. Since then, this has been replaced by the use of 
cold blood cardioplegic solution followed by warm modi- 
fied blood reperfusion. Since 1990, ultrafiltration has been 
done regularly during rewarming. The cleft of the left AV 
valve was repaired in 76% of cases. However, this was not 
complete in 12% to avoid any stenosis of the left AV valve 
orifice. A valve repair or a commissuroplasty, or both, was 
done in 16 patients. Two patients required left AV valve 
replacement with a mechanical prosthesis (St. Jude Med- 
ical [St. Jude Medical, Inc., St. Paul, Minn.] size 33 and 
CarboMedics [CarboMedics, Inc., Austin, Tex.] size 16). 
Sixteen patients with a small ventricular septal defect in 
the intermediate group (n = 31) required surgical closure 
because the defect did not close spontaneously. Left AV 
valve competence was tested by injecting cold saline 
solution into the left ventricle. The atrial septal defect was 
repaired with use of a heterologous pericardial patch. So 
that injury to the AV node could be avoided, the atrial 
septum was repaired in such a way as to direct the 
coronary sinus into the left atrium in 42% of cases. Three 
patients required a De Vega annuloplasty. None of the 
patients received treatment with nitric oxide inhalation 
during the stay in the intensive care unit. Postoperative 
conduction disturbances occurred in five patients, with 
three having complete heart block. 
Perioperative death was defined as death that occurred 
within the first 30 postoperative days. Early reoperations 
were defined as those that occurred within 30 days. 
Perioperative infections were included if they were 
thought to affect prognosis (septicemia, septic shock, 
endocarditis, mediastinitis, focal infection with sepsis). 
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Table I I .  Causes of perioperative death 
Patient Causes Days postop. SVA INF 
1 Cardiac failure 1 Yes No 
2 Cardiac failure 1 No No 
3 Cardiac failure 1 Yes No 
4 Low cardiac output after CPB for reoperation 12 Yes No 
5 Septic shock during circulatory support 3 No Yes 
6 Cardiogenic + septic shock 13 Yes Yes 
7 Cardiogenic + septic shock + decerebration 14 Yes Yes 
8 Septic shock + hyperfibrinolysis 2 Yes Yes 
9 Pulmonary infection + cardiac arrest 22 No Yes 
10 Pulmonary edema + acidosis 9 Yes No 
11 Pulmonary hypertensive crises (left AV valve regurgitation) 2 Yes No 
12 Tamponade after left atrial catheter removal 11 Yes No 
13 Bleeding + tamponade 0.4 No No 
SVA, Severe abnormalities of the left subvalvular apparatus; INF, severe postoperative infection; CPB, cardiopulmonary bypass. 
Table I lL  Variables associated with perioperative 
death by univariate analysis 
Prevalence p 
Variable (%) Value 
Infection 
Yes 71 0.0003 
No 9 
Severe abnormalities of left SVA 
Yes 32 0.0009 
No 6 
Early reoperation 
Yes 43 0.002 
No 8 
Severe preoperative l ft AV valve 
regurgitation 
Yes 32 0.006 
No 8 
Moderate or severe preoperative right AV 
valve regurgitation 
Yes 36 0.01 
No 6 
Preoperative PAH 
Yes 19 0.027 
No 4 
Postoperative l ft AV valve regurgitation 
Yes 26 0.03 
No 9 
Percentages indicate prevalence of perioperative death when studied 
variable was present (yes) or not present (no). 
SVA, Subvalvular apparatus. Values determined by X 2 or Fisher's exact 
test. 
Data were analyzed with the SPSS software package 
(SPSS, Inc., Chicago, Ill.). 9 Univariate analysis of preop- 
erative, procedure-related, and postoperative variables 
(see appendix) was done to investigate associations with 
early outcome, including perioperative death, left AV 
valve residual regurgitation, a d reoperation. Qualitative 
variables were analyzed with X 2 or Fisher's exact test and 
quantitative variables with Mann-Whitney or Wilcoxon 
tests when appropriate. Identification of trends over time 
was done by Mantel-Haenszel )(2 analysis. Ap  < 0.05 level 
was considered statistically significant. The selected vari- 
ables were included in a stepwise logistic regression model 
to determine the predictive factors of perioperative death, 
residual left AV valve regurgitation, and early reopera- 
tion. When specific solutions to the model equations were 
found, the odds ratios were calculated by raising e ~, where 
/3 represents the parameter estimate for the risk factor. 
Results 
Perioperative mortality. There were 13 early 
postoperative deaths (13%) (Table II). Although 
tendencies were observed, no statistical significance 
was observed between perioperative mortality and 
age (p = 0.06), previous episodes of CHF (20% 
versus 6% when CHF did not occur; p = 0.07), 
intermediate forms of AVSD (22% versus 9% with 
partial forms; p = 0.06), and other left AV  valve 
lesions associated with the cleft (23% versus 12% 
when not present; p = 0.16). Closure of the cleft of 
the left AV valve was not associated with a signifi- 
cant variation in perioperative mortality (15% ver- 
sus 8% if not closed; p = 0.22). There was no 
relationship between perioperative mortality and 
time in the study period (p = 0.34). 
Seven variables were retained by univariate anal- 
ysis as determinants of perioperative mortality (Ta- 
ble I I I) .  After multivariate analysis, only severe 
postoperative infection and severe abnormalit ies of 
the left subvalvular apparatus were retained by the 
model as predictive risk factors for perioperative 
death (Table IV). 
Seven severe infections occurred during the post- 
operative period. In five cases, these contributed to 
the death of the patient. They were as follows: four 
cases of septic shock (1 patient survived), 1 case of 
mediastinitis (survived), 1 case of endocarditis asso- 
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Table IV. Early postoperative outcome by multivariate logistic regression analysis 
Outcome Risk factors Parameter estimate p Value Odds ratio 
Perioperative death Severe infection 3.33 _+ 1.19 
Left SVA abnormalities 1.82 _+ 0.58 
Postoperative l ft AV Preoperative l ft AV 1.67 -+ 0.61 
valve regurgitation valve regurgitation 
Early reoperation Left SVA abnormalities 1.66 -+ 0.62 
0.0054 28.07 
0.0019 6.18 
0.0064 5.34 
0.0077 5.27 
SVA, Subvalvular apparatus. Parameter x estimation must be raised to e x to determine odds ratio. 
ciated with septicemia, and one case of pulmonary 
infection with impaired respiratory function. Preop- 
erative PAH had been noticed in each case (p = 
0.012) and an intermediate form of AVSD in six 
cases (p = 0.003). No statistical association was 
found between the age of the patients and the 
prevalence of infections (p = 0.47). 
Left AV valve regurgitation. Residual left AV 
valve regurgitation remained moderate to severe in 
23 patients (23%). Univariate analysis howed five 
variables associated with such an outcome (Table 
V). There was no relationship between left AV valve 
regurgitation and time in the study period. There 
was no significant relationship between postopera- 
tive left AV valve regurgitation and type of AVSD 
(26% versus 22% for intermediate and partial 
forms, respectively; p = 0.84) or the closure of the 
left AV valve (24% versus 21% when not closed;p = 
0.99). On the other hand, if the closure of the cleft 
of the left AV valve to avoid valve stenosis was not 
thought o be complete by the surgeon, the left AV 
valve was more often incompetent after the opera- 
tion (Table V). 
Logistic regression showed that preoperative l ft 
AV valve regurgitation was the only predictive risk 
factor of residual postoperative l ft AV valve regur- 
gitation (Table IV). 
Statistical analysis of preoperative l ft AV valve 
regurgitation showed significant associations with 
severe left subvalvular apparatus abnormalities 
(82% when present versus 56% if not; p -- 0.013) 
and preoperative PAH (63% versus 32% if no 
PAH; p = 0.005) but not with any other abnor- 
malities of the left AV valve (77% versus 61% 
when noticed; p = 0.36) or type of AVSD (62% 
for partial forms versus 65% for intermediate 
forms;p = 0.83). 
Early reoperation. Early reoperation was done in 
14 patients (14% for the following reasons: persis- 
tence of severe left AV valve regurgitation (  = 7), 
need for circulatory support (n = 2), interatrial 
residual shunt (n = 2), and excessive bleeding (n = 
Table V. Variables associated with postoperative l ft 
A V valve regurgitation by univariate analysis 
Prevalence p 
Variable (%) Value 
Preoperative l ft AV valve regurgitation 
Yes 35 0.001 
No 3 
Severe abnormalities of left SVA 
Yes 46 0.001 
No 14 
Left AV valve repair, commissuroplasty, 
or both 
Yes 50 0.007 
No 18 
Associated abnormalities of left AV 
valve 
Yes 54 0.008 
No 18 
Incomplete closure of cleft of left AV 
valve 
Yes 50 0.024 
No 19 
Percentages indicate prevalence of postoperative left AV valve regurgita- 
tion when studied variable was present (y ) or not present (no). SVA, 
Subvalvular apparatus. Values determined by X 2 or Fisher's exact test. 
3). Two of these patients required left AV valve 
replacement with a mechanical prosthesis. In total, 
four patients needed prosthetic valve replacement, 
and all of these had had severe abnormalities of the 
left subvalvular apparatus at presentation (p = 
0.005). By univariate analysis, four variables were 
associated with the need for early reoperation (Ta- 
ble VI). Nonclosure of the cleft of the left AV valve 
was not significantly associated with this outcome 
(21% versus 12% when closed; p = 0.31). Con- 
versely, as pointed out for postoperative l ft AV 
regurgitation, when the closure had not been com- 
pletely accomplished, although the intention to treat 
the cleft was clear, the need for reoperation was 
more frequent. 
The logistic regression model retained severe 
abnormalities of the left subvalvular apparatus as 
1 8 Baufreton et al. 
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Table VI. Variables associated with early 
reoperation by univariate analysis 
Prevalence p 
Variable (%) Value 
Postoperative l ft AV valve regurgitation 
Yes 39 0.0003 
No 7 
Associated abnormalities of left AV 
valve 
Yes 39 0.01 
No 10 
Severe abnormalities of left SVA 
Yes 29 0.01 
No 8 
Incomplete closure of cleft of left AV 
valve 
Yes 33 0.024 
No 9 
Percentages indicate prevalence of arly reoperation when studied variable 
was present (yes) or not present (no). SVA, Subvalvular apparatus. Values 
determined by X 2 orFisher's exact test. 
the only predictive risk factor of early reoperation 
(Table IV). 
Discussion 
The occurrence of severe abnormalities of the left 
subvalvular apparatus contributes to understanding 
of the pathophysiologic fa tors leading to perioper- 
ative death and early reoperation. In addition, such 
abnormalities are associated with preoperative l ft 
AV valve regurgitation, which has a well-known 
association with residual left AV valve regurgitation. 
Therefore, as a main risk factor demonstrated by
our study, left subvalvular apparatus abnormalities 
represent the anatomicopathologic substratum that 
determines the early outcome of surgical treatment 
for partial AVSD. 
Several retrospective studies have pointed out risk 
factors of partial AVSD. 1' 3, 4, 10-12 The severity of 
CHF, Z, 4 levels of pulmonary artery pressures and 
pulmonary resistances, 1°-12 degree of left AV valve 
regurgitation,l, 4, 12 age, l, 4, 11 date of operation, 1' 11 
and low body surface area 12 have been previously 
reported to be clinical risk factors for perioperative 
mortality. However, morphologic lesions have been 
less frequently identified as predictive risk factors. 
Studer and associates 1 showed that patients with 
ventricular septal defects or double-orifice l ft AV 
valve are at high risk for the surgical procedure. 
More recently, Manning and colleagues 13identified 
a subset of patients with primum atrial septal defect 
characterized byoccurrence of CHF in the first year 
of life. This group of patients had a higher preva- 
lence of left-sided obstructive l sions, followed by 
higher ates of operative mortality (36%) and need 
for reoperation (63%), whereas other patients were 
electively operated on with good results. Basically, 
in partial AVSD, the left chordae are often short, 
and leaflet motion is thus restricted. The papillary 
muscles are also displaced within the left ventri- 
cle. 6-8 Therefore abnormalities of the left subvalvu- 
lar apparatus are frequent and difficult to classify. 
For this reason, only the most severe abnormalities 
of the left subvalvular apparatus were taken into 
consideration i  our study, as recommended by 
Abbruzzese and colleagues. 3 Such abnormalities 
seems to be prevalent in our group of patients. 
However, they are known to be more frequent in 
partial forms than in complete forms of AVSD. 
Penkoske and associates 14 reported up to 20% of 
abnormalities of the left subvalvular apparatus in 
partial forms of AVSD and only 3.1% in complete 
forms. Moreover, patients with Down syndrome are 
usually considered to be relatively protected from 
left-sided intraventricular lesions. In our series, the 
low incidence of Down syndrome could partly ex- 
plain the prevalence of left-sided lesions and is 
indeed in agreement with results reported by Man- 
ning and colleagues. 13Some authors consider that 
these critical esions of the left subvalvular appara- 
tus cannot be readily controlled by common surgical 
techniques.6, 15, 16 and recommend proceeding to 
prosthetic valve replacement. 5 However, left AV 
valve replacement in children, and particularly in 
infants, is associated with a high mortality rate, the 
need for anticoagulation, and a high rate of reop- 
eration for prosthetic valve replacement related to 
growth. 17-2° It is also associated with the theoretic 
risk of increasing left ventricular outflow tract ob- 
struction. 21Our surgical approach was conservative 
with regard to preservation of the native left AV 
valve. This attitude could explain the higher preva- 
lence of perioperative death and reoperation as 
compared with that of other groups that perform 
prosthetic valve replacement more frequently (from 
5.5% to 12%). 3, 5, l0 
The importance of the left subvalvular apparatus 
in postoperative outcome is further emphasized by 
the fact that our esults were not affected by the 
surgical approach used on the left AV valve (closure 
or nonclosure of the cleft of the left AV valve). 
The relatively high prevalence of sepsis in our 
series has been an important cause of early postop- 
erative death. PAH was significantly associated with 
postoperative infections. This is due to the increased 
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duration of mechanical ventilation and intensive 
care unit stay associated with pulmonary hyperten- 
sion. 22 Systemic sepsis was more frequent than 
locoregional infection (e.g., mediastinitis). How- 
ever, the prevalence of infection seems to be more a 
result of the preoperative status of the patient than 
of a center effect. Indeed, during the study period 
when sepsis was most prevalent in patients with 
AVSD, sepsis in patients operated on because of 
transposition of the great arteries was only 2.3%. 23 
In this latter condition, most of the patients were 
neonates, which suggests that the risk of a postop- 
erative infection developing could be related to the 
duration of exposure to a congenital heart defect. 
However, in our study, the results could not identify 
a close relationship between age and infection. This 
phenomenon might be masked by the conventional 
grouping of intermediate forms with partial forms of
AVSD in opposition to complete forms of AVSD. 21 
Therefore the systemic effect of infection might be 
worse in patients with PAH than it is when exam- 
ined according to the age of the patient. However, 
the infection rate was relatively higher than that 
reported by others. 1This could be xplained by the 
higher prevalence of chronic infections often ob- 
served in Down syndrome. 24It may also be due to 
the poor nutritional status of children often referred 
to our institution from countries with poor eco- 
nomic conditions. 
In contrast to results in other reports (which have 
been optimized by changes in surgical practice dur- 
ing the past 20-year period), 1' 2, 5, 11 our results have 
not changed with time. Our study was limited to the 
past 10 years and the surgical and postoperative 
management procedures remained standardized. 
In conclusion, clinical features of partial AVSD 
are markedly variable. Some lesions are relatively 
well tolerated until an advanced adult age and 
others have a bad prognosis whatever the surgical 
treatment. This study emphasized the importance of
the left subvalvular apparatus with regard to the 
perioperative outcome of partial AVSD. The pres- 
ence of these lesions mandates particular attention 
to the surgical procedure used in each individual 
case. Indeed, severe abnormalities of the left sub- 
valvular apparatus might only be handled by left AV 
valve replacement rather than reconstructive t ch- 
niques with the left AV valve. Particular attention 
has to be directed against surgical infection inas- 
much as infection results in a poor outcome in this 
group of patients. 
We thank Walid C. Dihmis, MD, for his help in 
reviewing the manuscript. 
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Appendix 
Variables examined by univariate analysis were as follows: 
Age at time of operation 
One or more episodes of preoperative CHF 
Down syndrome 
Cardiothoracic ratio >0.55 
Atrial fibrillation 
Intermediate form of AVSD 
Preoperative left AV valve regurgitation 
Severe abnormalities of left subvalvular apparatus 
Other abnormalities of left AV valve 
Preoperative right AV valve regurgitation 
Preoperative PAH 
Left superior vena cava 
Incomplete cleft of left AV valve 
Nonclosure of cleft of left AV valve 
Incomplete closure of cleft of left AV valve 
Ventricular septal defect closure 
Left AV valve repair or commissuroplasty, or both 
Postoperative left AV valve regurgitation 
Early reoperation 
Severe postoperative infection 
